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(57) A method of forming a silicon carbide layer for 
use in integrated circuit fabrication processes is provid- 
ed. The silicon carbide layer is formed by reacting a gas 
mixture comprising a silicon source, a carbon source, 



and a dopant in the presence of an electric field. The as- 
deposited silicon carbide layer has a compressibility that 
varies as a function of the amount of dopant present in 
the gas mixture during later formation. 



Fig.1 



CO 
CM 
CM 

CO 



LU 




Printed by Jouve, 75001 PARIS (FR) 



1 



EP1 176 226 A1 



2 



Description 

[0001 ] The present invention relates to silicon carbide 
layers and, more particularly to a method of forming sil- 
icon carbide layers. 

[0002] Integrated circuits have evolved into complex 
devices that can include millions of components (e. g. ( 
transistors, capacitors and resistors) on a single chip. 
The evolution of chip designs continually requires faster 
circuitry and greater circuit densities. The demands for 
greater circuit densities necessitate a reduction in the 
dimensions of the integrated circuit components. 
[0003] As the dimensions of the integrated circuit 
components are reduced (e. g., sub-micron dimen- 
sions), the materials used to fabricate such components 
contribute to the electrical performance of such compo- 
nents. For example, low resistivity metal interconnects 
(e. g., aluminum and copper) provide conductive paths 
between the components on integrated circuits. 
[0004] Typically, the metal interconnects are electri- 
cally isolated from each other by a bulk insulating ma- 
terial. When the distance between adjacent metal inter- 
connects and/or the thickness of the bulk insulating ma- 
terial has sub-micron dimensions, capacitive coupling 
potentially occurs between such Interconnects. Capac- 
itive coupling between adjacent metal interconnects 
may cause cross talk and/or resistance-capacitance 
(RC) delay which degrades the overall performance of 
the integrated circuit. 

[0005] In order to minimize capacitive coupling be- 
tween adjacent metal interconnects, low dielectric con- 
stant bulk insulating materials (e. g. , dielectric constants 
less than about 3.0) are needed. Typically, bulk insulat- 
ing materials with dielectric constants less than about 
3.0 are tensile materials (e. g., tensile stresses of great- 
er than about 10 8 dynes/cm 2 ). Examples of low dielec- 
tric constant bulk insulating materials include silicon di- 
oxide (Si0 2 ), silicate glass, and fluorosilicate glass 
(FSG), among others. 

[0006] In addition, a low dielectric constant (low k) 
barrier layer often separates the metal interconnects 
from the bulk insulating materials. The barrier layer min- 
imizes the diffusion of the metal into the bulk insulating 
material. Diffusion of the metal into the bulk insulating 
material is undesirable because such diffusion can af- 
fect the electrical performance of the integrated circuit, 
or render it inoperative. 

[0007] Some integrated circuit components include 
multilevel interconnect structures (e. g., dual da- 
mascene structures). Multilevel interconnect structures 
can have two or more bulk insulating layers, low dielec- 
tric barrier layers, and metal layers stacked one on top 
of another. When bulk insulating materials that are ten- 
sile are incorporated into a multilevel interconnect struc- 
ture, such interconnect structure can undesirably crack 
and/or peel away from an underlying substrate. 
[0008] The demands for greater integrated circuit 
densities also impose demands on the process se- 



quences used for integrated circuit manufacture. For ex- 
ample, in process sequences using conventional litho- 
graphic techniques, a layer of energy sensitive resist is 
formed over a stack of material layers on a substrate. 

5 Many of these underlying material layers are reflective 
to ultraviolet light. Such reflections can distort the di- 
mensions of features such as lines and vias that are 
formed in the energy sensitive resist material. 
[0009] One technique proposed to minimize reflec- 

io tions from an underlying material layer uses an anti-re- 
flective coating (ARC). The ARC is formed over the re- 
flective material layer prior to resist patterning. The ARC 
suppresses the reflections off the underlying material 
layer during resist imaging, providing accurate pattern 

15 replication in the layer of energy sensitive resist. 

[0010] Silicon carbide (SiC) has been suggested for 
use as a barrier layer and/or ARC on integrated circuits, 
since silicon carbide layers can have a low dielectric 
constant (dielectric constant less than about 5.5), are 

20 good metal diffusion barriers and can have good light 
absorption properties. 

[001 1] Therefore, there is an ongoing need for a meth- 
od of forming silicon carbide films with low dielectric con- 
stant and improved film characteristics that are also suit- 
es able for use as ARCs. 

[0012] A method of forming a silicon carbide layer for 
use in integrated circuit fabrication processes is provid- 
ed. The silicon carbide layer is formed by reacting a gas 
mixture comprising a silicon source, a carbon source, 

30 and a dopant in the presence of an electric field. The as- 
deposited silicon carbide layer has a compressibility that 
varies as a function of the amount of dopant present in 
the gas mixture during layer formation. 
[001 3] The silicon carbide layer is compatible with in- 

35 tegrated circuit fabrication processes. I n one Integrated 
circuit fabrication process, the silicon carbide layer is 
used as both a hardmask and a barrier layer for fabri- 
cating integrated circuit structures such as, for example, 
a dual damascene structure. For such an embodiment, 

40 a preferred process sequence includes depositing a sil- 
icon carbide barrier layer on a metal layer formed on a 
substrate. After the silicon carbide barrier layer is de- 
posited on the substrate a first dielectric layer is formed 
thereon. A silicon carbide hardmask layer is formed on 

45 the first dielectric layer. The silicon carbon hardmask 
layer is patterned to define vias therein. Thereafter, a 
second dielectric layer is formed on the patterned silicon 
carbide hardmask layer. The second dielectric layer is 
patterned to define interconnects therein. The intercon- 

50 nects formed in the second dielectric layer are posi- 
tioned over the vias defined in the silicon carbide hard- 
mask layer. After the second dielectric layer is pat- 
terned, the vias defined in the silicon carbide hardmask 
layer are transferred into the first dielectric layer. There- 

55 after, the dual damascene structure is completed by fill- 
ing the vias and interconnects with a conductive mate- 
rial. 

[0014] In another integrated circuit fabrication proc- 
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ess, the silicon carbide layer is used as an anti- reflective 
coating (ARC) for DUV lithography. For such an embod- 
iment, a preferred process sequence includes forming 
the silicon carbide layer on a substrate. The silicon car- 
bide layer has a refractive index (n) in a range of about s 
1 .6 to about 2.2 and an absorption coefficient (k) in a 
range of about 0.1 to about 0.6 at wavelengths less than 
about 250 nm. The refractive index (n) and the absorp- 
tion coefficient (k) for the silicon carbide layer are tuna- 
ble, in that they can be varied in the desired range as a 
function of the composition of the gas mixture during SiC 
layer formation. After the silicon carbide layer is formed 
on the substrate, a layer of energy sensitive resist ma- 
terial is formed thereon. A pattern is defined in the en- 
ergy sensitive resist at a wavelength less than about 250 
nm. Thereafter, the pattern defined in the energy sensi- 
tive resist material is transferred into the silicon carbide 
layer. After the silicon carbide layer is patterned, such 
pattern is optionally transferred into the substrate. 
[0015] The teachings of the present invention can be 
readily understood by considering the following detailed 
description of embodiments of the invention in conjunc- 
tion with the accompanying drawings, in which: 

FIG. 1 depicts a schematic illustration of an appa- 
ratus that can be used for the practice of embodi- 
ments described herein; 

FIGS. 2a-2e depict schematic cross-sectional 
views of a substrate structure at different stages of 
integrated circuit fabrication incorporating a silicon 
carbide layer as a hardmask; 
FIGS. 3a-3g depict schematic cross-sectional 
views of a damascene structure at different stages 
of integrated circuit fabrication incorporating a sili- 
con carbide layer as a hardmask; and 
FIGS. 4a-4e depict schematic cross-sectional 
views of a substrate structure at different stages of 
integrated circuit fabrication incorporating a silicon 
carbide layer as an anti-reflective coating (ARC). 

[0016] FIG. 1 is a schematic representation of a wafer 
processing system 10 that can be used to perform sili- 
con carbide layer deposition in accordance with embod- 
iments described herein. System 10 typically comprises 
a process chamber 100, a gas panel 130, a control unit 
110, along with other hardware components such as 
power supplies 119, 106 and vacuum pumps 102. Ex- 
amples of wafer processing system 10 include plasma 
enhanced chemical vapor deposition (PECVD) cham- 
bers such as DXZ™ chambers, commercially available 
from Applied Materials Inc., located in Santa Clara, Cal- 
ifornia. The salient features of the wafer processing sys- 
tem 10 are briefly described below. 
[0017] The process chamber 1 00 generally houses a 
support pedestal 150, which is used to support a sub- 
strate such as a semiconductor wafer 1 90. This pedestal 
150 can typically be moved in a vertical direction inside 
the chamber 1 00 using a displacement mechanism (not 



shown). 

[0018] Depending on the specific process, the wafer 
190 can be heated to some desired temperature prior 
to SiC layer deposition. For example, the wafer support 
pedestal 150 is heated by an embedded heater element 
1 70. The pedestal 150 may be resistively heated by ap- 
plying an electric current from an AC power supply 1 06 
to the heater element 170. The wafer 190 is, in turn, 
heated by the pedestal 150. 

[0019] A temperature sensor 1 72, such as a thermo- 
couple, is also embedded in the wafer support pedestal 
150 to monitor the temperature of the pedestal 150 in a 
conventional manner. The measured temperature is 
used in a feedback loop to control the power supplied 
to the heating element 1 70, such that the wafer temper- 
ature can be maintained or controlled at a desired tem- 
perature which is suitable for the particular process ap- 
plication. The pedestal is optionally heated using radiant 
heat (not shown). 

[0020] A vacuum pump 1 02, is used to evacuate the 
process chamber 100 and to maintain the proper gas 
flows and pressure inside the chamber 100. A shower- 
head 120, through which process gases are introduced 
into the chamber 100, is located above the wafer sup- 
port pedestal 150. The showerhead 120 is connected to 
a gas panel 130, which controls and supplies various 
gases used in different steps of the process sequence. 
[0021] The showerhead 120 and wafer support ped- 
estal 150 also form a pair of spaced apart electrodes. 
When an electric field is generated between these elec- 
trodes, the process gases introduced into the chamber 
100 are ignited into a plasma. The electric field is gen- 
erated by connecting the showerhead 1 20 to a source 
of radio frequency (RF) power (not shown) through a 
matching network (not shown). Alternatively, the RF 
power source and the matching network may be cou- 
pled to the wafer support pedestal 150, or coupled to 
both the showerhead 120 and the wafer support pedes- 
tal 150. 

[0022] Alternatively, the electric field may be generat- 
ed by connecting the showerhead 120 to a source of 
mixed radio frequency (RF) power 119. Details of the 
mixed RF power source 119 are described in US-A- 
6,041,734. 

[0023] Typically, the source of mixed RF power 119 
under the control of a controller unit 110 provides a high 
frequency power (e. g., RF power in a range of about 
10 MHz to about 15 MHz) as well as a low frequency 
power (e. g., RF power in a range of about 150 KHz to 
about 450 KHz) to the showerhead 120. Both the high 
frequency RF power and the low frequency RF power 
are coupled to the showerhead 1 20 through a matching 
network (not shown). The high frequency RF power 
source and the low frequency RF power source may op- 
tionally be coupled to the wafer support pedestal 150, 
or one coupled to the showerhead 1 20 and the other to 
the wafer support pedestal 150. 
[0024] Plasma enhanced chemical vapor deposition 
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(PECVD) techniques promote excitation and/or disas- 
sociation of the reactant gases by the application of the 
electric field to the reaction zone near the substrate sur- 
face, creating a plasma of reactive species. The reac- 
tivity of the species in the plasma reduces the energy 
required for a chemical reaction to take place, in effect 
lowering the required temperature for such PECVD 
processes. 

[0025] Proper control and regulation of the gas flows 
through the gas panel 130 is performed by mass flow 
controllers (not shown) and the controller unit 110. The 
showerhead 120 allows process gases from the gas 
panel 130 to be uniformly introduced and distributed in 
the process chamber 100. 

[0026] Illustratively, the control unit 110 comprises a 
central processing unit (CPU) 11 3, support circuitry 114, 
and memories containing associated control software 
116. The control unit 110 is responsible for automated 
control of the numerous steps required for wafer 
processing - such as wafer transport, gas flow control, 
mixed RF power control, temperature control, chamber 
evacuation, and other steps. Bi-directional communica- 
tions between the control unit 1 1 0 and the various com- 
ponents of the wafer processing system 1 0 are handled 
through numerous signal cables collectively referred to 
as signal buses 118, some of which are illustrated in 
FIG. 1. 

[0027] The central processing unit (CPU) 113 may be 
one of any form of general purpose computer processor 
that can be used in an industrial setting for controlling 
process chambers as well as sub-processors. The com- 
puter may use any suitable memory, such as random 
access memory, read only memory, floppy disk drive, 
hard drive, or any other form of digital storage, local or 
remote. Various support circuits may be coupled to the 
CPU for supporting the processor in a conventional 
manner. Process sequence routines as required may be 
stored in the memory or executed by a second CPU that 
is remotely located. 

[0028] The process sequence routines are executed 
after the substrate 190 is positioned on the wafer sup- 
port pedestal 150. The process sequence routines, 
when executed, transform the general purpose compu- 
ter into a specific process computer that controls the 
chamber operation so that the deposition process is per- 
formed. Alternatively, the chamber operation may be 
controlled using remotely located hardware, as an ap- 
plication specific integrated circuit or other type of hard- 
ware implementation, or a combination of software and 
hardware. 

Silicon Carbide Layer Formation 

[0029] In one embodiment, the silicon carbide layer is 
formed by reacting a gas mixture including a silicon 
source, a carbon source, and a dopant. The silicon 
source and the carbon source may be an organosilane 
compound having the general formula Si x C y H 2 , where 



x has a range from 1 to 2, y has a range from 1 to 6, and 
z has a range from 4 to 18. For example, methylsilane 
(SiCH 6 ), dimethylsilane (SiC 2 H 8 ), trimethylsilane 
(SiC 3 H 10 ), tetramethylsilane (SiC 4 H 12 ) } and diethylsi- 
5 lane (SiC 4 H 12 ), among others may be used as the or- 
ganosilane compound. Alternatively, silane (SiH 4 ), dis- 
ilane (Si 2 H 6 ), methane (CH 4 ), and combinations there- 
of, may be used as the silicon source and the carbon 
source. 

10 [0030] Ammonia (NH 3 ), methane (CH 4 ), silane (SiH 4 ) 
ethyene (C 2 H 4 ), acetylene (C 2 H 2 ), nitrogen (N 2 ), or 
combinations thereof among others may be used for the 
dopant. 

[0031] The gas mixture may further comprise an inert 
15 gas. Helium (He), argon (Ar), nitrogen (N 2 ), orcombina- 
tions thereof, among others, may be used for the inert 
gas. 

[0032] In general, the following deposition process 
parameters can be used to form the silicon carbide layer. 

20 The process parameters range from a wafer tempera- 
ture of about 150 °C to about 450 °C, a chamber pres- 
sure of about 1 torrto about 1 5 torr, a silicon source and/ 
or carbon source flow rate of about 10 seem to about 
2000 seem, a dopant flow rate of about 50 seem to about 

25 10,000 seem, an inert gas flow rate less than about 1000 
seem, a plate spacing of about 300 mils to about 600 
mils, and one or more RF powers of about 100 watts to 
about 1000 watts. Additionally, the ratio of the silicon 
source to the dopant in the gas mixture should have a 

30 range of about 1 :1 to about 1 :100. The above process 
parameters provide a deposition rate for the silicon car- 
bide layer in a range of about 100 A/min to about 3000 
A/min when implemented on a 200 mm (millimeter) sub- 
strate in a deposition chamber available from Applied 

35 Materials, Inc., located in Santa Clara, California. 
[0033] Other deposition chambers are within the 
scope of the invention, and the parameters listed above 
may vary according to the particular deposition chamber 
used to form the silicon carbide layer. For example, oth- 

40 er deposition chambers may have a larger or smaller 
volume, requiring gas flow rates that are larger or small- 
er than those recited for deposition chambers available 
from Applied Materials, Inc. and may be configured to 
accommodate 300 mm substrates. 

45 [0034] An as-deposited silicon carbide layer has a 
compressability that varies as a function of the amount 
of dopant in the gas mixture during layer formation. In 
particular as the dopant concentration in the gas mixture 
is increased the compressability of the deposited silicon 

50 carbide layer also increases. It is believed that the com- 
pressibility of the silicon carbide layer increases be- 
cause the dopant reduces the number of unstable spe- 
cies (e.g., Si-CH 2 ) in the silicon carbide layer. The com- 
pressibility of the silicon carbide layer as used in this 

55 disclosure is a measure of its resistance to cracking and 
peeling. The compressibility of the deposited silicon car- 
bide layer is greater than about 5 x 10 8 dynes/cm 2 . 
[0035] Additionally, it is believed that some nitrogen 
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from the nitrogen based dopants (e. g. } NH 3 , N 2 ) may 
be incorporated into the deposited silicon carbide layer 
during layer formation. Such incorporation may stabilize 
the layer in that it becomes less reactive with moisture 
and/or oxygen under atmospheric conditions. 
[0036] The as-deposited silicon carbide layer has a 
dielectric constant that is less than about 5.5, making it 
suitable for use as a barrier material in integrated cir- 
cuits. The dielectric constant of the silicon carbide layer 
is tunable, in that it can be varied as a function of the 
RF power. In particular, as the RF power increases the 
dielectric constant of the as-deposited silicon carbide 
layer also increases. Additionally, the dielectric constant . 
can be varied as a function of the dopant concentration 
in the gas mixture. In particular, as the dopant concen- 
tration increases, the dielectric constant of the deposit- 
ed silicon carbide layer decreases. 
[0037] In addition, the leakage current of the as-de- 
posited silicon carbide layer can be varied as a function 
of dopant concentration in the gas mixture. In particular, 
as the dopant concentration increases, the leakage cur- 
rent of the deposited silicon carbide layer decrases. The 
leakage current of the silicon carbide layer at 2 MV/cm 
was typically less than about 1 x 10" 8 A/cm 2 . For exam- 
ple, the an as-deposited silicon carbide layer doped with 
ammonia had a leakage current at about 2 MV/cm (meg- 
avolts/centimeter) that is less than about 1 x 1 0~ 9 A/cm 2 , 
which is suitable for minimizing cross-talk between in- 
tegrated circuit interconnect structures. Dependant on 
the percursors used to form the silicon carbide layer, 
outgassing of carbon and or hydrogen containing spe- 
cies may occur. Increasing the concentration of dopant 
in the gas mixture is believed to reduce such outgassing 
from the deposited silicon carbide layer. 
[0038] The silicon carbide layer also has a light ab- 
sorption coefficient (k) that can be varied between about 
0.1 to about 0.6 at wavelengths below about 250 nm 
(nanometers), making it suitable for use as an anti-re- 
flective coating (ARC) at DUV wavelengths. The ab- 
sorption coefficient of the silicon carbide layer can be 
varied as a function of the composition of the gas mix- 
ture. In particular, as the dopant concentration is in- 
creased the absorption coefficient of the as-deposited 
layer likewise increases. 

[0039] After the silicon carbide layer is formed, it may 
be plasma treated with an inert gas. Helium (He), argon 
(Ar), nitrogen (N 2 ), and combinations thereof, may be 
used for the inert gas. Such plasma treatment is be- 
lieved to stabilize the layer in that it becomes less reac- 
tive with moisture and/or oxygen under atmospheric 
conditions. 

[0040] In general, the following process parameters 
can be used to plasma treat the silicon carbide layer in 
a process chamber similar to that shown in FIG. 1 . The 
process parameters range from a chamber pressure of 
about 5 torr to about 10 torr, and inert gas flow rate of 
about 1000 seem to about 7000 seem, and a radio fre- 
quency (RF) power of about 100 watts to about 1000 



watts. The silicon carbide layer is plasma treated for less 
than about 120 seconds. 

[0041] A silicon carbide cap layer may optionally be 
formed on the silicon carbide layer. The silicon carbide 
5 cap layer is formed without the addition of the dopant 
gas, according to the silicon carbide process parame- 
ters described above. The thickness of the silicon car- 
bide cap layer is variable depending on the specific 
stage of processing. Typically, the silicon carbide cap 
layer is deposited to a thickness of less than about 200 
A. 

[0042] Since it is believed that nitrogen may be incor- 
porated in the silicon carbide layer when NH 3 and N 2 
dopants are reacted with the silicon and carbon sources, 
the undoped silicon carbide cap layer is believed to min- 
imize undesirable interactions between the silicon car- 
bide layer and photoresist materials applied directly 
thereto. For example, some energy sensitive resist ma- 
terials (e. g., Shipley UV5 deep UV resist, JSR M20G 
deep UV resist) react with moisture to form amino basic 
groups (NH 2 *), believed to cause "footing" (i. e., a wid- 
ening of the developed resist feature at its base) of resist 
material on materials having nitrogen incorporated 
therein. 

Integrated Circuit Fabrication Processes 

A. Silicon Carbide Hardmask 

[0043] FIGs. 2a-2e illustrate schematic cross-section- 
al views of a substrate 200 at different stages of an in- 
tegrated circuit fabrication sequence incorporating a sil- 
icon carbide layer as a hardmask. In general, the sub- 
strate 200 refers to any workpiece on which processing 
is performed, and a substrate structure 250 is used to 
generally denote the substrate together with other ma- 
terial layers formed on the substrate 200. Depending on 
the specific stage of processing, the substrate 200 may 
correspond to a silicon wafer, or other material layer that 
has been formed on the silicon wafer. FtG 2a, for exam- 
ple, illustrates a cross-sectional view of a substrate 
structure 250, having a material layer 202 that has been 
conventionally formed thereon. The material layer 202 
may be an oxide {e. g., silicon dioxide, fiuorosilicate 
glass (FSG)). In general, the substrate 200 may include 
a layer of silicon, silicides, metals, or other materials. 
FIG. 2a illustrates one embodiment in which the sub- 
strate 200 is silicon having a silicon dioxide layer formed 
thereon. 

[0044] FIG. 2b depicts a silicon carbide layer 204 
formed on the substrate structure 250 of FIG. 2a. The 
silicon carbide layer 204 is formed on the substrate 
structure 250 according to the process parameters de- 
scribed above. The thickness of the silicon carbide layer 
is variable depending on the specific stage of process- 
ing. Typically, the silicon carbide layer is deposited to a 
thickness of about 50 A to about 1000 A. 
[0045] A layer of energy sensitive resist material 208 
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is formed on the silicon carbide layer 204. The layer of 
energy sensitive resist material 208 can be spin coated 
on the substrate to a thickness within a range of about 
4,000 A to about 1 0,000 A. Most energy sensitive resist 
materials are sensitive to ultraviolet (UV) radiation hav- 
ing a wavelength less than about 450 nm (nanometers). 
Deep ultraviolet (DUV) resist materials are sensitive to 
UV radiation having wavelengths less than about 245 
nm. 

[0046] Dependent on the etch chemistry of the energy 
sensitive resist material used in the fabrication se- 
quence, an intermediate layer 206 is formed on the sil- 
icon carbide layer 204. When the energy sensitive resist 
material 208 and the silicon carbide layer 204 can be 
etched using the same chemical etchants or when resist 
poisoning may occur, the intermediate layer 206 func- 
tions as a mask for the silicon carbide layer 204. The 
intermediate layer 206 is conventionally formed on the 
silicon carbide layer 204. The intermediate layer 206 
may be a silicon carbide cap layer, an oxide, nitride, sil- 
icon oxynitride, amorphous silicon, or other suitable ma- 
terial. 

[0047] An image of a pattern is introduced into the lay- 
er of energy sensitive resist material 208 by exposing 
such energy sensitive resist material 208 to U V radiation 
via mask 210. The image of the pattern introduced in 
the layer of energy sensitive resist material 208 is de- 
veloped in an appropriate developer to define the pat- 
tern therethrough, as shown in FIG. 2c. Thereafter, re- 
ferring to FIG. 2d, the pattern defined in the energy sen- 
sitive resist material 208 is transferred through the sili- 
con carbide Iayer204. The pattern is transferred through 
the silicon carbide layer 204 using the energy sensitive 
resist material 208 as a mask. The pattern is transferred 
through the silicon carbide layer 204 using an appropri- 
ate chemical etchant. For example, flourocarbon com- 
pounds such as trifluoromethane (CF 3 H) may be used 
to chemically etch the silicon carbide layer 204. 
[0048] Alternatively, when the intermediate layer 206 
is present, the pattern defined in the energy sensitive 
resist material 208 is first transferred through the inter- 
mediate layer 206 using the energy sensitive resist ma- 
terial as a mask. Thereafter, the pattern is transferred 
through the silicon carbide layer 204 using the interme- 
diate layer 206 as a mask. The pattern is transferred 
through both the intermediate layer 206 as well as the 
silicon carbide layer 204 using appropriate chemical 
etchants. 

[0049] FIG. 2e illustrates the completion of the inte- 
grated circuit fabrication sequence by the transfer of the 
pattern defined in the silicon carbide layer 204 through 
the silicon dioxide layer 202 using the silicon carbide 
layer 204 as a hardmask. 

[0050] After the silicon dioxide layer 202 is patterned, 
the silicon carbide iayer 204 can optionally be stripped 
from the substrate 200 by etching it in a suitable chem- 
ical etchant. 



B. Damascene Structure Incorporating a Silicon 
Carbide Layer 

[0051] FIGs. 3a-3g illustrate schematic cross-section- 
5 al views of a substrate 300 at different stages of a dual 
damascene structure fabrication sequence incorporat- 
ing a silicon carbide barrier layer and a silicon carbide 
hard mask therein. Dual damascene structures are typ- 
ically used to form multilayer metal interconnects on in- 
fo tegrated circuits. Depending on the specific stage of 
processing, substrate 300 may correspond to a silicon 
wafer, or other material layer that has been formed on 
the substrate 300. FIG. 3a, for example, illustrates a 
cross-sectional view of a substrate 300 having a metal 
*s layer 302 (e. g., copper (Cu), aluminum (Al), tungsten 
(W)) formed thereon. 

[0052] FIG. 3a illustrates one embodiment in which 
the substrate 300 is silicon having a copper (Cu) iayer 
formed thereon. The copper layer 302 has a thickness 
of about 5,000 A to about 5 microns, depending on the 
size of the structure to be fabricated. 
[0053] Referring to FIG. 3b, a silicon carbide barrier 
layer 304 is formed on the copper layer 302. The silicon 
carbide barrier layer 304 is formed on the copper layer 
302 according to the process parameters described 
above. The silicon carbide barrier layer 304 is compres- 
sive and has a dielectric constant less than about 5.5. 
The dielectric constant as well as the compressibility of 
the silicon carbide barrier layer is can be varied as a 
function of the gas composition (e. g., dopant concen- 
tration) during layer formation. 
[0054] The thickness of the silicon carbide barrier lay- 
er 304 is variable depending on the specific stage of 
processing. Typically, the silicon carbide barrier layer 
304 has a thickness of about 200 A to about 1 000 A. 
[0055] A first dielectric layer 305 is formed on the sil- 
icon carbide barrier layer 304, as illustrated in FIG. 3c. 
The first dielectric layer 305 may be an oxide (e. g., sil- 
icon dioxide, fluorosilicate glass (FSG)). The first dielec- 
tric layer 305 has a thickness of about 5,000 A to about 
10,000 A. 

[0056] Referring to FIG 3d, a silicon carbide hard- 
mask layer 306 is formed on the first dielectric iayer 305, 
patterned and etched to define vias therein. The silicon 
carbide hardmask layer 306 is formed on the first die- 
lectric layer 305 according to the process parameters 
described above. The silicon carbide hardmask layer 
306 is also compressive and has a dielectric constant 
less than about 5.5. The dielectric constant as well as 
the compressibility of the silicon carbide hardmask layer 
is can be varied as a function of the gas composition (e. 
g., dopant concentration) during layer formation. 
[0057] The thickness of the silicon carbide hardmask 
layer 306 is variable depending on the specific stage of 
processing. Typically, the silicon carbide hardmask lay- 
er 306 has a thickness of about 200 A to about 1 000 A. 
[0058] The silicon carbide hardmask layer 306 is pat- 
terned and etched to define via openings 306 and to ex- 
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pose the first dielectric layer 305, in areas where the 
vias are to be formed. The silicon carbide hardmask lay- 
er 306 is patterned using conventional lithography as 
described above with reference to FIGs. 2b-2d. The sil- 
icon carbide layer is etched using a fluorocarbon com- 5 
pound such as trifluoromethane (CHF 3 ). 
[0059] After the silicon carbide hardmask layer 306 is 
patterned, a second dielectric layer 308 is deposited 
thereover, as illustrated in FIG. 3e. The second dielectric 
layer 308 may be an oxide (e. g., silicon dioxide, fiuor- 10 
osilicate glass). The second dielectric layer 308 has a 
thickness of about 5,000 A to about 10,000 A. 
[0060] The second dielectric layer 308 is then pat- 
terned to define interconnect lines 310, as illustrated in 
FIG. 3f , preferably using conventional lithography proc- 15 
esses described above. The interconnects 310 formed 
in the second dielectric layer 308 are positioned over 
the via openings 306 in the silicon carbide hardmask lay- 
er 306. Thereafter, both the interconnects 31 0 and vias 
306 are etched using reactive ion etching or other ani- 20 
sotropic etching techniques. 

[0061] Referringto FIG. 3g, the interconnects 310 and 
the vias 306 are filled with a conductive material 314 
such as aluminum, copper, tungsten, or combinations 
thereof. Preferably, copper is used to fill the intercon- 25 
nects 310 and the vias 306, due to its low resistivity (re- 
sistivity about 1 .7 ui2-cm). The conductive material 314 
is deposited using chemical vapor deposition (CVD), 
physical vapor deposition (PVD), electroplating, or com- 
binations thereof, to form the damascene structure, 30 
[0062] Additionally, a barrier layer 31 6 such as tanta- 
lum (Ta), tantalum nitride (TaN), or other suitable barrier 
material is first deposited conformably on the sidewalls 
of the interconnects 31 0 and contacts/vias 306 to pre- 
vent metal migration into the surrounding dielectric lay- 35 
ers 305, 308 as well as the silicon carbide barrier layer 
304 and the silicon carbide hardmask layer 306. 

C. Silicon Carbide Anti-Reflective Coating (ARC) 

40 

[0063] FIGs. 4a-4e illustrate schematic cross-section- 
al views of a substrate 400 at different stages of an in- 
tegrated circuit fabrication sequence incorporating a sil- 
icon carbide layer as an anti-reflective coating (ARC). 
In general, the substrate 400 refers to any workpiece on 45 
which film processing is performed, and a substrate 
structure 450 is used to generally denote the substrate 
400 together with other material layers formed on the 
substrate 400. Depending on the specific stage of 
processing, substrate 400 may correspond to a silicon 50 
wafer, or other material layer, which has been formed 
on the substrate. FIG. 4a, for example, illustrates a 
cross-sectional view of a substrate structure 450 in 
which the substrate 400 is a silicon wafer having an ox- 
ide layer thereon. 55 
[0064] A silicon carbide layer 402 is formed on the 
substrate structure 450. The silicon carbide layer 402 is 
formed on the substrate structure 450 according to the 



process parameters described above. The silicon car- 
bide layer has an absorption coefficient (k) that can be 
varied between about 0.1 to about 0.6 at wavelengths 
below about 250 nm (nanometers), making it suitable 
for use as an anti-reflective coating (ARC) at DUV wave- 
lengths. The absorption coefficient of the silicon carbide 
layer is tunable, in that it can be varied in the desired 
range as a function of the gas composition. The thick- 
ness of the silicon carbide layer 402 is variable depend- 
ing on the specific stage of processing. Typically, the sil- 
icon carbide layer has a thickness of about 200 A to 
about 2000 A. 

[0065] FIG. 4b depicts a layer of energy sensitive re- 
sist material 404 formed on the substrate structure 450 
of FIG. 4a. The layer of energy sensitive resist material 
can be spin coated on the substrate structure 450 to a 
thickness within a range of about 2000 A to about 6000 
A. The energy sensitive resist material is sensitive to 
DUV radiation having a wavelength less than 250 nm. 
[0066] An image of a pattern is introduced into the lay- 
er of energy sensitive resist material 404 by exposing 
such energy sensitive resist material 404 to DUV radia- 
tion via mask 406. When the image of the pattern is in- 
troduced into the layer of energy sensitive resist material 
404, the silicon carbide layer 402 suppresses any re- 
flections off underlying material layers (e. g., oxides, 
metals) which can degrade the image of the pattern in- 
troduced in the layer of energy sensitive resist material 
404. 

[0067] The image of the pattern introduced into the 
layer of energy sensitive resist material 404 is devel- 
oped in an appropriate developer to define the pattern 
through such layer, as shown in FIG. 4c. Thereafter, re- 
ferring to FIG. 4d, the pattern defined in the energy sen- 
sitive resist material 404 is transferred through the sili- 
con carbide layer 402. The pattern is transferred through 
the silicon carbide layer 402 using the energy sensitive 
resist material 404 as a mask. Thepattern is transferred 
through the silicon carbide layer 402 by etching it using 
an appropriate chemical etchant (e. g., CHF 3 ). 
[0068] After the silicon carbide layer 402 is patterned, 
such pattern is typically transferred into the substrate 
400, as shown in FIG. 4e. The pattern is transferred into 
the substrate 400 using the silicon carbide ARC layer 
402 as a hardmask. The pattern is transferred into the 
substrate 400 by etching it using an appropriate chem- 
ical etchant. Thereafter, the silicon carbide layer 402 is 
optionally removed from the substrate structure 450 by 
etching it using an appropriate chemical etchant (e. g., 
CHF 3 ). 

[0069] Although several preferred embodiments 
which incorporate the teachings of the present invention 
have been shown and described in detail, those skilled 
in the art can readily devise many other varied embod- 
iments that still incorporate these teachings. 



35 



40 



45 



50 



7 



13 



EP1 176 226 A1 



14 



Claims 

1 . A method of thin film deposition, comprising: 

(a) positioning a substrate in a deposition 
chamber; 

(b) providing a gas mixture to the deposition 
chamber, wherein the gas mixture comprises a 
silicon source, a carbon source, and a dopant; 
and 

(c) reacting the gas mixture in the presence of 
an electric field to form a silicon carbide layer 
on the substrate, wherein the silicon carbide 
layer has a compressability that varies as a 
function of the amount of dopant in the gas mix- 
ture. 



2. A method of forming a device, comprising: 

forming a silicon carbide layer on a substrate in 
a deposition chamber, wherein the silicon car- 
bide layer is formed by reacting a gas mixture 
comprising a silicon source, a carbon source, 
and a dopant, and wherein the silicon carbide 
layer has a compressability that varies as a 
function of the amount of dopant in the gas mix- 
ture; and 

defining a pattern in at least one region of the 
silicon carbide layer. 

3. A method of fabricating an interconnect structure, 
comprising: 

(a) providing a substrate having a metal layer 
thereon; 

(b) forming a silicon carbide barrier layer on the 
metal layer, wherein the silicon carbide barrier 
layer is formed by reacting a gas mixture com- 
prising a silicon source, a carbon source, and 
a dopant, and wherein the silicon carbide bar- 
rier layer has a compressability that varies as 
a function of the amount of dopant in the gas 
mixture; 

(c) forming a first dielectric layer on the silicon 
carbide barrier layer; 

(d) forming a silicon carbide hard mask on the 
first dielectric layer; wherein the silicon carbide 
hard mask is formed by reacting a gas mixture 
comprising a silicon source, a carbon source, 
and a dopant, and wherein the silicon carbide 
hardmask has a compressability that varies as 
a function of the amount of dopant in the gas 
mixture; 

(e) patterning the silicon carbide hard mask to 
define vias therethrough; 

(f) forming a second dielectric layer on the pat- 
terned silicon carbide hard mask; 

(g) patterning the second dielectric layer to de- 



fine interconnects therethrough, wherein the in- 
terconnects are positioned over the vias de- 
fined in the silicon carbide hard mask; 

(h) transferring the via pattern through the first 
5 dielectric layer using the silicon carbide hard 

mask; and 

(i) filling the vias and interconnects with a con- 
ductive material. 

10 4. The method of claim 3 wherein the first dielectric 
layer and the second dielectric layer each have di- 
electric constants less than 3. 

5. The method of claim 3 wherein the silicon carbide 
15 barrier layer and the silicon carbide hard mask each 

have dielectric constants less than 5.5. 

6. The method of claim 3 wherein the conductive ma- 
terial filling the vias and interconnects has a resis- 

20 tivity less than 5 u,n-cm. 

7. The method of claim 3 wherein the first dielectric 
layer and the second dielectric layer are selected 
from the group of silicon dioxide, fluorosilicate glass 

25 (FSG), silicate glass and organosilicate. 

8. The method of claim 3 wherein the conductive ma- 
terial filling the vias and the interconnects is select- 
ed from the group of copper (Cu), aluminum (Al), 

30 tungsten (W), and combinations thereof. 

9. The method of claim 3 wherein the metal layer on 
the substrate is selected from the group of copper 
(Cu), aluminum (Al), tungsten (W), and combina- 

35 tions thereof. 

1 0. The method of any of the preceding claims wherein 
either of the silicon source or the carbon source of 
steps (b) and (d) comprises an organosilane com- 

^0 pound having the general formula Si x C y H z , wherein 
x has a range of 1 to 2, y has a range of 1 to 6, and 
z has a range of 4 to 18. 

11. The method of claim 10, wherein the organosilane 
^5 compound is selected from the group of methyl si- 
lane (SiCH 6 ), dimethylsilane (SiC 2 H 8 ), trimethyisi- 
lane (SiC 3 H 10 ), tetramethylsilane (SiC 4 H 12 ), di- 
ethylsilane (SiC 4 H 12 ), and combinations thereof. 

50 1 2. The method of any of the preceding claims wherein 
either of the silicon source or the carbon source of 
steps (b) and (d) is selected from the group of silane 
(SiH 4 ), methane (CH 4 ), disilane (Si 2 H 6 ), and com- 
binations thereof. 

55 

13. The method of any of the preceding claims wherein 
the dopant of steps (b) and (d) is selected from the 
group of ammonia (NH 3 ), methane (CH 4 ), silane 
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(SiH 4 ), ethylene (C 2 H 4 ), acetylene (C 2 H 2 ), nitrogen 
(N 2 ), and combinations thereof. 

14. The method of any of the preceding claims wherein 
the gas mixture of steps (b) and (d) further compris- 
es an inert gas. 

15. The method of any of the preceding claims wherein 
the ratio of the silicon source to the dopant in the 
gas mixture of steps (b) and (d) has a range of 1 :1 
to 1:100. 

16. The method of any of the preceding claims wherein 
the substrate is heated to a temperature between 
150°Cto450°C. 

17. The method of any of the preceding claims wherein 
the deposition chamber is maintained at a pressure 
between 1 torrto 15 torn 

18. The method of any of the preceding claims wherein 
either of the silicon source or the carbon source of 
steps (b) and (d) is provided to the deposition cham- 
ber at a flow rate in a range of 1 0 seem to 4000 se- 
em. 



the process chamber is maintained at a pressure in 
a range of 5 torr to 10 torn 

26. The method of any of the preceding claims wherein 
s the one or more inert gas is provided to the deposi- 
tion chamber at a flow rate in a range of 1000 seem 
to 7000 seem. 

27. The method of any of the preceding claims wherein 
10 the electric field is a radio frequency (RF) power. 

28. The method of claim 27 wherein the RF power is in 
a range of 1 00 watts to 1 000 watts. 

15 29. The method of any of the preceding claims further 
comprising forming a silicon carbide cap layer on 
the silicon carbide hard mask prior to defining a pat- 
tern therein. 

30. A computer storage medium containing a software 
routine that, when executed, causes a general pur- 
pose computer to control a deposition chamber us- 
ing a layer deposition method according to any of 
the preceding claims. 



20 



25 



19. The method of any of the preceding claims wherein 
the dopant of steps (b) and (d) is provided to the 
deposition chamber at a flow rate in a range of 50 
seem to 1 0,000 seem. 30 

20. The method of any of the preceding claims wherein 
the silicon layer and/or the silicon carbide hard 
mask is an anti-reflective coating (ARC) at wave- 
lengths less than 250 nm. 35 

21 . The method of any of the preceding claims wherein 
the silicon carbide layer, silicon carbide barrier layer 
and the silicon carbide hard mask each have leak- 
age currents less than 1 0" 8 A/cm 2 at 2 MV/cm 2 . 40 



22. The method of any of the preceding claims further 
comprising plasma treating the silicon carbide layer, 
the silicon carbide barrier layer and the silicon car- 
bide hard mask. 45 



23. The method of claim 22 wherein the plasma is gen- 
erated by providing one or more inert gas to a proc- 
ess chamber; and applying an electric field to the 
one or more inert gas in the process chamber to so 
generate the plasma. 

24. The method of any of the preceding claims wherein 
the one or more inert gas is selected from the group 

of helium (He), argon (Ar) and nitrogen (N 2 ), and ss 
combinations thereof. 



25. The method of any of the preceding claims wherein 
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